, P = 0.015) and E. coli (OR 8.5, P = 0.013). Increased vaginal pH and abnormal vaginal microflora pattern in wet mounts was associated with M. hominis and E. coli in vaginal cultures.
INTRODUCTION
In many clinical settings proper diagnostic monitoring of vulvovaginal symptoms and/or risk assessment of the vaginal microflora to prevent gestational complications are poorly developed or non-existing (Msuya et al., 2009) . Some obstetricians rely only on syndromic management, while others make vaginal cultures on all pregnant women and (over)treat them with antibiotics.
Although there is strong evidence that microscopic findings indicating abnormal vaginal microflora (AVM) are associated with complications in pregnancy, such as preterm birth, chorionamnionitis and preterm rupture of the membranes (Hay et al., 1994; Donders et al., 2008) , there is no consensus on using culture results as a substitute for these findings. We strongly object to start treatment based solely on culture of vaginal microorganisms, as this leads to overtreatment, exposes the mother and foetus to unnecessary toxins, increases the risk of bacterial antimicrobial resistance in both mother and new-born, and enhances the risk of hard to treat, recurrent vulvovaginal candidosis, along with other disturbances of the vaginal ecology.
Since there is growing evidence that treatment of AVM with adequate antibiotics in early pregnancy can prevent at least part of infections-related preterm birth (Ugwumadu et al., 2004; Lamont et al., 2005) , moreover, in patients with a history of adverse pregnancy outcomes (Thinkhamrop et al., 2009) , it might be crucial to identify pregnant women with high AVM risk, who need early diagnostic and management of abnormal vaginal microflora. According to guidelines of the Latvian Association of Gynecologists and Obstetricians, one of the most common AVM types, bacterial vaginosis (BV), should be diagnosed if three out of four Amsel criteria are present (Amsel et al., 1983) . To evaluate them gynecologists need to examine vaginal discharge appearance, use vaginal pH strips and take samples for microscopy: bed-side wet mount or send for Gram stain microscopy. In Latvia, upper vaginal smears are taken for Gram staining for all pregnant women, in order to exclude gonorrhoea and to evaluate vaginal microflora, although waiting for results takes additional time and visits. Immediate diagnostic of AVM during the first antenatal visit by using bed-side diagnostic tests, such as vaginal pH test and wet mount microscopy, could accelerate this process. In fact, in Latvia gynecologists do not often use vaginal pH strips, are not skilled to perform wet mounts, and commonly BV diagnosis is based solely on positive clue cells or even only presence of Gardnerella vaginalis morphotypes on Gram stain laboratory reports.
All applied diagnostic methods should be based on indications and validity of all tests should be clear, since unnecessary analysis and controversial results increase stress and anxiety in pregnant women. All women have the right to receive complete, evidence-based information about the performed tests, their specificity, sensitivity and possible influence of results on pregnancy care, risks and benefits.
In order to identify the microorganisms that are commonly associated with abnormal vaginal environment, we determined the relations of vaginal culture results with bed-side diagnostic test findings -elevated vaginal pH and abnormal vaginal microflora on wet mounts, during the first trimester of pregnancy.
MATERIALS AND METHODS
We performed a cross-sectional, observational study of 100 women receiving antenatal care in five outpatient clinics in Rîga from March 2010 until April 2011, as part of an ongoing interventional study.
The study was approved by the Ethical Committee of the Rîga Stradiòð University. All participants were informed about the study and signed an informed consent. 50 pregnant women with fetal gestational age between 6 and 14 weeks and vaginal pH ³4.5 were included as study cases and subsequently 50 pregnant women within the same gestational age range and vaginal pH less than 4.5 were used as a control. Exclusion criteria were age less than 18 years, multiple pregnancy and systemic diseases (diabetes, kidney failure, chronic hypertension requiring medication etc). All women were tested for Chlamydia trachomatis, gonorrhoea, HIV and syphilis infections and were excluded if positive for any of them.
During the gynecological speculum examination vaginal fluid was obtained with cytobrush from the upper vaginal wall and spread on a glass slide for microscopic examination. Vaginal pH was measured by pressing a Machery Nagel pH strip with a pH range of 3.1-7 into the fluid on a glass slide, allowing it to soak for 10 seconds. These strips were chosen because of their accuracy and ease of use (Donders et al., 2007) . Vaginal pH ³4.5 was considered abnormal (elevated) (Amsel et al., 1983) .
Vaginal discharge specimens were spread on glass slides, air-dried and then transported to one investigator (Jana Þodþika) for microscopy after rehydration of the smear with a droplet of saline according to Larsson (Larsson et al., 1990) . A Leica DM1000 microscope (Warburg, Germany) with phase contrast at 400 times magnification was used. Microscopic examination included lactobacillary grades (LBG) and number of leucocytes per high power field (hpf): less than 10 -no leucocytosis; more than 10 per hpf, but less than 10 per epithelial cell-mild leucocytosis; 10 or more per epithelial cell-heavy leucocytosis (Donders, 1999) . According to Donders' modification of Schroder's' classification LBG, grade I consisted of predominant presence of Lactobacillus morphotypes, with very few coccoid bacteria presented, grade IIa (intermediate, mixed flora) of lactobacilli outnumbering other microorganisms, grade IIb of other microorganisms outnumbering lactobacillary morphotypes, and grade III (completely disturbed flora) had no lactobacilli present (Donders, 1999) . LBG III was further divided in three subgroups: bacterial vaginosis (BV), aerobic vaginitis (AV) and a mixed AV-BV microflora. AV was diagnosed if short bacilli or cocci, leucocytes and/or parabasal cells were found (Donders, 2002) . Patterns with decreased or absent lactobacillus morphotypes (LBG IIb and LBG III) were considered as AVM (Donders, 1999) .
For all participants included in the culture study, specimens taken from the upper vaginal wall with wool cotton-tipped swabs were immediately placed in universal Amies medium and transported within 24 hours to the laboratory of the Infectology Center of Latvia. Then the samples were inoculated in media Shaedler blood agar, MacConkey agar, eggsalt agar, chocolate and Chromagar Candida agar for the investigation of the following microorganisms: Streptococcus pyogenes (Str. pyogenes), Streptococcus agalactiae (Str. agalactiae), Viridans group streptococci, enterococci, S. aureus, Candida spp. (species), pathogenic enteric bacteria, Acinetobacter spp., Haemophilus spp., Pseudomonas aeroginosa and Stenotrophomonas maltophilia. To distinguish between Str. pyogenes, Str. agalactiae, and Viridans group streptococci, several specific enterococci tests were made. Streptococci were cultivated on blood agar to determine their degree of haemolysis. If b-haemolysis was present, then susceptibility to bacitracin was tested, which if positive, Str. pyogenes was considered to be present. If the test was negative, then the CAMP (Christie-Atkins, MunchPetersen) test was performed; a positive was considered as presence of Str. agalactiae. If on blood agar a-hemolysis was observed, then a further test for optochin susceptibility was made; if negative, then the culture was inoculated on Bile-esculin media. If no growth occurred, then the culture was considered as Viridans group streptococci, but if there was growth, then the culture were further cultivated on 6.5% salt media: if there was growth then the culture was identified as enterococci. If on blood agar no haemolysis was observed, then the cultures were cultivated on Bileesculin agar, and in case of positive growth on this media and on 6.5% salt agar the culture was considered to be enterococci (Levinson, 2008) .
To distinguish between Haemophilus species, testing for X and V factor requirements was performed using impregnated strips (Mahon et al., 2000) . Urea-Arginine broth was used for the investigation of Ureaplasma urealyticum and Mycoplasma hominis (Mahon et al., 2000) . Cultures with more than 10 5 cfu/ml (colony forming unit) of U. urealyticum and M. hominis were considered elevated (Rosenstein et al., 1996) .
Vaginal culture results were compared between normal and elevated vaginal pH groups, normal and abnormal vaginal microflora groups and no leucocytosis and mild, heavy leucocytosis groups based on microscopy results.
Statistical significance was tested using the Pearson chisquare test or Fisher's exact test. The level of statistical significance was chosen at 5% (P < 0.05). Only variables that showed statistical significance (P < 0.05) in univariate analysis were included in the multiple logistic regression analysis. Statistical analysis was performed using SPSS version 18.0 (PASW).
RESULTS
96% of women with increased pH and 86% of women with normal vaginal pH showed positive cultures (P value nonsignificant). In total 19 different microorganisms were recovered from the vagina. Of 100 participants, the more common isolated microorganisms were coagulase negative (CN) Staphylococcus in 56, U. urealyticum in 34, Escherichia coli (E. coli) in 18, Candida species in 16 and M. hominis in 15 cases.
Increased vaginal pH was significantly associated with positive M. hominis (P < 0.001), U. urealyticum (P = 0.017), and E. coli (P = 0.018) cultures. Correlations of abnormal vaginal microflora microscopic patterns with cultures were similar to those with elevated pH, Table 1 .
LBG I was found in 35, LBG IIa in 14, LBG IIb in 17 and LBG III in 34 participants. Of the latter, eight had BV, five had AV and 21 had mixed BV-AV microflora. Forty-three of 50 participants with elevated vaginal pH and six of 50 pregnant women with normal vaginal acidity had AVM on microscopy (P < 0.001). U. urealyticum and M. hominis were more often found in the BV and mixed BV-AV microflora (P < 0.05) than in other microflora types, and all cases with high numbers of M. hominis were encountered in women with LBG III (P = 0.001). E. coli was more often detected in the AVM group (P = 0.008), with a trend to be more often recovered in cases with LBG IIb, AV and mixed BV-AV microflora (P = 0.072). Str. agalactiae (P = 0.032) and Viridans group streptococci (P = 0.013) were more often found in association with normal vaginal microflora patterns (Table 1) .
Combining both vaginal environment parameters (vaginal pH and microflora type on microscopy), 43 participants had a normal pattern (acidic vaginal pH and LBG I-IIa) and 44 pregnant women had an abnormal pattern (elevated vaginal pH and LBG IIb-III) ( Multivariate logistic regression analysis showed that the highest risk of AVM was associated with M. hominis and E. coli (Table 3) .
DISCUSSION
According to our results, it is clear that proportions of positive vaginal cultures were above 85% in both normal and AVM groups, including all types of aerobic and anaerobic bacteria. Therefore, treating any positive culture obtained from the vagina should never be an option in pregnant women. Pregnant women with elevated vaginal pH and AVM on native microscopy, a recognized risk factor for adverse pregnancy outcome, were more likely to have M. hominis, U. urealyticum, E. coli positive vaginal cultures, while Str. agalctiae and Viridans group streptococci were more related to normal vaginal microflora. Vaginal leucocytosis was significantly associated with E. coli coloniation.
Although the association between U. urealyticum, M. hominis and pregnancy complications, such as late miscarriages, preterm birth, low birth weight and neonatal respiratory diseases (Steytler, 1970; Hay et al., 1994; Taylor-Robinson et al., 2007; Romero et al., 2008; Donders et al., 2009 ) is well established, it is still unclear which pregnant women would benefit from cultures and treatment of these bacteria. U. urealyticum, M. hominis, E. coli, and Str. agalactiae commonly inhabit the lower genital tract of sexually active women (Watt et al., 2003; Waits et al., 2005; Barcaite et al., 2008) . Large numbers of M. hominis are associated with BV and are an important risk factor for development of preterm labour (Lamont et al., 1987; Rosenstein et al., 1996) . Considerable efforts have been dedicated to study antimicrobial therapy as an intervention to prevent preterm birth. Several authors have evaluated the role of antibiotics to prevent preterm birth in BV cases. Clindamycin administered early in the second trimester to women who test positive for BV seemed to be more effective than metronidazole to reduce preterm birth rate (Carey et al., 2000; Ugwumadu et al., 2004; Lamont et al., 2005) , probably because it has a larger scale antibacterial activityagainst anaerobic gram-negative, aerobic gram-positive bacteria and also M. hominis (Mylonas, 2010; Taylor-Robinson et al., 2010) . Not only metronidazole and clindamycin have been studied (Hauth et al., 1995; Lamont, 2005) . Randomised controlled studies of b lactams and azithromycin as mono-therapy have not shown any benefit, although combination of b lactams and metronidazole, erythromycin and metronidazole in the second trimester of pregnancy have been shown to slightly reduce preterm birth risk, although no large studies have been performed (Subramaniam et al., 2012) .
In our study high numbers of M. hominis were found only in cases of AVM and had the strongest association with pathological vaginal environment. The association of U. urealyticum with decreased lactobacilli and elevated vaginal pH was by far less strong than for M. hominis. Hence, we postulate that merely the fact of vaginal colonisation with U. urealyticum and/or M. hominis per se is a poor predictor of an abnormal pregnancy outcome, but high density vaginal mycoplasma colonisation, and its associated microflora abnormalities, should be considered a risk factor for chorionamnionitis and preterm birth. Other studies have confirmed that only a high load of ureaplasmas is related to adverse pregnancy outcomes (Abele-Horn et al., 2000; Kasper et al., 2010) .
In the present study abnormal vaginal pH was associated not only with BV, but also with AV microflora, while M. hominis and U. urealyticum both were more often found in women with BV and with mixed AV-BV microflora; E. coli was more typically cultured in LBG IIb and AV microflora and furthermore associated with increased leucocytosis. These results are similar to those of another study, in which E. coli growth was inhibited by Lactobacillus strains (Juarez-Tomas et al., 2003) . Our findings are in line with those of Donders et al. (2000) , who defined an entity of 6-124.4 1.6-45.9 AVM that is different from bacterial vaginosis: aerobic vaginitis, also to be considered as an independent risk factor for preterm delivery (Donders et al., 2009) . Surprisingly, some specific aerobic pathogenic bacteria, like Str. viridians, which can have a role in the pathogenesis of amniotic infections, were more often found in the normal vaginal microflora group in these series (Ariel et al., 1991) . Contrary to these findings, this group of bacteria has been associated with AVM and reduced lactobacilli in other studies (Hillier, 1993) . Both Lactobacillus, Streptococcus genera belong to the order Lactobacillales (lactic acid bacteria), which ferment glucose to lactic acid and therefore might be associated with an acidic environment. They are normal microflora in humans in the oral cavity, the intestinal tract and the vagina, where they play a beneficial role (Todar, 2012) . Compared to some other authors (Barcaite et al., 2008) , we found a lower prevalence of Str. agalactiae (6%), probably because the samples were taken from upper vagina not from lower part of vagina, perineum and rectum. The observed incidence was similar to those reported in earlier studies performed in Latvia with the same methodology (Rezeberga et al., 2000) .
Not only BV, but also aerobic vaginitis in early pregnancy is linked to preterm deliveries and chorionamnionitis (Rezeberga et al., 2008; Donders et al., 2008; . Since the extent of the inflammatory reaction has a particularly important role in the pathogenesis of preterm deliveries (Jacobson et al., 2003) , the association of E. coli in the presence of leucocytosis found in our study can be important. Increased vaginal leucocytosis is associated with higher concentration of pro-inflammatory cytokines present in the vagina and with enzymatic activity, leading to preterm contractions and intrauterine infections (Donders et al., 2002; Romero et al., 2002; Larsson et al., 2006) . A study of metronidazole treatment of AVM in pregnancy showed no benefit from this treatment -even worse -rates of preterm birth increased in the metronidazole group, which was explained by increased E. coli and Klebsiella pneumoniae in the vagina at delivery (Carey et al., 2005) . Besides their association with prematurity, Str. agalactiae and E. coli are also a major cause of early neonatal infection (Stoll et al., 2011) . Many authors have recognised the increasing role of E. coli in the development of early neonatal disease and sepsis, especially in preterm babies (Lin et al., 2011) . Although in the present study E. coli and M. hominis colonisation was strongly associated with decreased or absent Lactobacillus morphotypes on microscopy and increased vaginal pH, the association could be less strong in a larger population, due to the wide confidence intervals found.
It is interesting that Candida species colonisation was found with the same frequency in the both normal and abnormal vaginal microflora groups and was not statistically significantly associated with heavy leucocytosis. This demonstrates that candidas can exist in different vaginal environments and can be a part of co-infection. The predominance of Candida colonisation in reproductive age women, and its infrequent occurrence in children and menopausal women, strongly suggests that colonisation is hormone-dependent. Estrogens promote elevated glycogen production by vaginal epithelial cells, which is the primary nutrient source for Candida. Conditions associated with elevated hormone production (pregnancy, diabetes, oral contraception) are associated with increased growth of Candida. Conversion of an asymptomatic Candida colonisation to a symptomatic infection following the ingestion of antibiotics, strongly implicates the vaginal microflora, particularly Lactobacillus species, in down regulation of the ability of Candida to proliferate (Ledger et al., 2010) . Since Candida colonisation does not cause inflammation, after exclusion of sexually transmitted infections, presence of aerobic bacteria was associated with heavy leucocytosis in our study.
During the first antenatal visit in case of clinical indications like signs/symptoms of genital infections, history of miscarriage and preterm deliveries (Thinkhamrop, 2009) , for rapid and early diagnosis of AVM we recommend to perform vaginal pH tests and wet mount, since these tests can indicate overgrowth of potential pathogens like M. hominis and E. coli. We hypothesise that treatment should be based according to abnormal vaginal microflora type, susceptible to M. hominis in BV and to E. coli in AV associated cases, or, alternatively, to non-antibacterial, broad spectrum antimicrobial medication. Prospective studies are needed to confirm the importance of E. coli and M. hominis, and perhaps U. urealyticum in risk assessment of preterm birth and neonatal sepsis in women with AVM patterns and increased pH, and effect of AVM type specific treatment on preterm birth reduction.
However, as vaginal pH and microflora can be normal in Str. agalactiae colonisation cases, bed-side tests do not replace detection of Str. agalactiae by cultures in the pregnant women population.
We conclude that AVM on wet mount and vaginal pH in the first trimester of pregnancy is associated with M. hominis and E. coli overgrowth in cultures. Increased vaginal pH is associated both with bacterial vaginosis and aerobic microflora. Microscopy of vaginal fluid is necessary to recognise AVM types. We suggest bed-side native microscopy for this purpose, as it allows the gynecologist to exam vaginal specimens and commence immediate therapeutic action.
